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Intraprocedural imaging: Flat panel detectors,
rotational angiography, FluoroCT, IVUS, or still
the portable C-arm?
Matthew J. Eagleton, MD, Cleveland, OhioFluoroscopy is the current standard by which intraop-
erative imaging is performed during endovascular aortic
interventions. The goal of the imaging system is to provide
adequate visualization of the aorta and its branches
throughout the entire range of the treatment area. This
may range from the femoral arteries through the ascending
aorta. While the endovascular treatment of descending
thoracic aortic aneurysm and abdominal aortic aneurysms
(AAA) is becoming commonplace, the evolution of this
specialty is toward providing less invasive approaches to
increasingly complex disease processes. The imaging sys-
tems that allow us to perform these procedures through
small incisions, or needle punctures, must evolve with the
device technology to facilitate this growing complexity. In
addition to providing adequate visualization of the aorta,
its branches, and the tools that are used to place them, the
technology needs to be safe, for both the patient and the
operative team. The imaging system should allow the op-
erator to perform complex procedures with limited use of
radiation and contrast agents. Limiting radiation exposure
is also important for the operative team, as radiation effects
are cumulative and will become compounded over a career
of fluoroscopy-directed procedures. While it is easy to stay
up-to-date with the latest endovascular therapies that may
be offered to our patients, as vascular surgeons it is often
more difficult to keep apprised of the advancements in
imaging technology that will allow us to provide therapies
in a more efficient and safe fashion. This review will high-
light some of the current advances in imaging that are
available.
LIMITATIONS OF CONVENTIONAL
FLUOROSCOPY
The basic design of current fluoroscopic imaging sys-
tems used in vascular angiography (with both fixed imaging
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50Ssystems and portable C-arm machines) involves an image
intensifier (II) in combination with camera optics, a pickup
tube or charge-couple device (CCD)-based camera, an
analog to digital converter, and image processors for the
creation of the angiographic images. The system possesses
the ability to update an image at rapid rates, and must be
able to do so with clarity and as little radiation as possible.
Modern-day image intensifiers function when X-rays are
detected and converted into light photons by the cesium
iodide (CI) input phosphor scintillator (Fig 1). A corre-
sponding number of electrons are released by the photo-
cathode, and the electrons are accelerated (in a vacuum)
and focused to an output phosphor using a cylindrical
electronic focusing gradient. Light photons are produced
at the output phosphor. Optical lenses couple the light
emitted from the output phosphor to the TV camera,
creating a video signal subsequently re-rendered on a video
monitor in a closed-circuit configuration for viewing the
X-ray fluoroscopy sequence. The image intensifier performs
this conversion process at required repetition rates using
relatively small numbers of incident X-ray photons – thus
occurring quickly with small amounts of radiation.
This sequence of events occurs in analog, and as such it
is subject to image degradation. This occurs due to devia-
tion of the process from perfect proportionality or spatial
linearity, or through the introduction of noise at one or
more of the stages that leads to a departure from the
assumed direct relationships between the stages.1 These
potential sources of error highlight the limitations of the
standard imaging equipment that may be overcome with
newer technologies. Sources of error that are attributable to
the standard image intensifier include scatter radiation,
spatial distortion, input phosphor blurring, contrast varia-
tion, veiling glare, and quantum noise.1,2 Scatter radiation
is due to a reduction in image contrast that is common to all
systems that utilize a broad-beam imaging geometry and is
a by-product of the X-ray source used. Spatial distortion is
due to the fact that the image surface of the image intensi-
fier is curved and the resulting image is mapped onto a flat
surface. This leads to pin cushion distortion (Fig 2). This
distortion increases the further one gets from the center of
the image. Input phosphor blurring is due to propagation
of light in the transverse direction within the phosphor
layer. X-ray photons from one location cause electrons to
be emitted from another, adjacent location. As a result, the
image blurs. There is a trade-off between the thickness of
the phosphor layer, which makes it more efficient, and a
JOURNAL OF VASCULAR SURGERY
Volume 52, Number 13S Eagleton 51Slower degree of blurring. The absorption characteristics of
the input phosphor determine how much variation occurs
from location to location within an image. The efficiency
for absorbing X-rays depends on their energy, and varia-
tions result in differing amounts of contrast in the corre-
sponding image locations. Veiling glare is defined as the
image degradation that results from the scattering process
that occurs within the image intensifier. Quantum noise is
due to the finite number of X-rays used to form the image.
As the number of X-rays used to produce a signal at a
particular location is reduced, the relative amount of noise
increases, limiting the ability to discriminate low contrast
signals in the resulting image.
Another limitation of conventional imaging systems is
the video camera systems. Video cameras convert the image
intensifier output image into a format that can be displayed
on a television monitor. Two major categories of video
cameras are used in these systems, pickup tube and CCD
cameras. Pickup tube cameras use an electron beam to scan
the camera target in a continuous pattern, which generates
a voltage for each location on the target. A CCD camera has
Fig 1. Schematic representation of the image intensifier.
Fig 2. Representation of the effects of spatial distortion with
conventional image intensifier (II) system. The image becomes
“pin-cushioned.” Note in (A) how the grid has lines that are all
parallel/perpendicular to each other. Alternatively, (B) the spatial
distortion causes the lines further from the center of the image to
become curved, like a pin cushion. Similar distortion is visualized
with a conventional II system.a target that is composed of a rectangular array of discretecells. Each CCD cell captures the corresponding portion of
the light image and resulting in the production of a voltage
signal, which is read and processed in a manner identical to
that of the pickup tube’s output signal. As with the image
intensifier, the cameras add a layer of limitations to the
imaging system. The cameras have limits with regard to
spatial resolution and dynamic range. More unique to the
camera system, however, is the lag that can occur. This is
the result of information from the previous image remain-
ing after the target has been scanned. This results in either
a blurring of the image, or an exposure shadow of a rapidly
moving object such as a wire or catheter.
FLAT PANEL DETECTORS
Flat panel detectors (FPD) have begun to replace the
standard imager intensifier and video camera systems in
order to overcome some of their limitation. Flat panel
technology is based on the use of a thin film transistor
(TFT) that utilizes an amorphous silicon array. This system
is arranged as a row and column array of detector elements
(Fig 3).Within each detector element are the TFT, a charge
collection electrode, and a charge collection capacitor.
Interconnecting each element via the TFT and capacitor
are “gate” and “drain” lines.3 The TFT switch is closed
during the exposure, and incident X-rays interact with the
converter producing a corresponding charge that is stored
in the local capacitor. When the X-ray exposure is termi-
nated, one gate line at a time is set high to activate all
connected TFTs along the row, where the charge flows
from the local capacitors through the transistors and down
the drain lines in parallel to the output charge amplifiers.3
The output signal is digitized and the digital image is
constructed one row at a time. Deactivating the gate line
resets the TFTs for the next exposure, and the adjacent gate
line is activated for the next row of data. The process
continues until the whole array is analyzed. For real-time
fluoroscopic imaging, the readout procedure must occur
fast enough to acquire data from all detector elements over
a period of 33 ms or 30 frames per second.3 This speed
places high demands on the switching characteristics of the
TFTs, charge/discharge rate of the capacitors, and the
Fig 3. Schematic representation of a flat panel detector.ultimate speed of the output phase.
em.
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X-ray detection and signal conversion – and represent the
difference between indirect and direct conversion. Indirect
detectors use a phosphor material that absorbs X-rays and
produces a proportionate number of light photons that
subsequently interact with a photodiode electrode on the
TFT array, producing a corresponding charge in the detec-
tor element capacitor. The phosphors are typically charac-
terized as unstructured or structured. Unstructured phos-
phors are typically lower-cost than structured phosphors,
but there is a significant tradeoff between spatial resolution
and absorption efficiency. A structured phosphor, however,
is able to confine light photons, thus limiting lateral light
spread and providing high resolution despite a thick phos-
phor layer that provides good absorption efficiency. Given
these qualities, structured phosphors are more widely used
despite their increased fragility. Direct detectors use a semi-
conductor material sandwiched between two electrodes
that absorb and convert X-ray energy directly into ion pairs.
Amorphous selenium is the current material used for this. A
large voltage bias is placed between the electrodes in order
to keep the charge confined to the detector and to prevent
ion pairs from recombining.3 This provides a simpler TFT
structure and allows for high intrinsic spatial resolution. It
is less efficient, however, and has a greater lag than indirect
detectors.
Clinical radiography results have demonstrated the
clear superiority of FPD systems over conventional radiog-
raphy devices.4,5 There are several characteristics of the
FPD that make them more advantageous than conven-
tional image intensifier/TV display.3 With the FPD there is
less image distortion, better image uniformity and flat field
capabilities, no veiling glare, and no vignetting as is seen
with conventional systems. FPD have a rectangular field of
view and use the entire image monitor. In addition, FPD
have a small compact design allowing for improved patient
access (Fig 4). Detective quantum efficiency (DQE), a
measure of a detector’s ability to preserve information in
the image relative to the incident X-ray information pre-
sented at the phosphor, is higher for the FPD relative to the
Fig 4. Photographs demonstrating (A) a characteristi
system, and (C) a flat panel detector-based imaging systimage intensifier except at low exposures.3 At higher expo-sure levels typical of digital subtraction angiography (DSA),
the large signal produced by the absorbed X-rays, allows the
gain of the output charge amplifies of the FPD to be low. At
fluoroscopy exposure levels, however, the necessary low
exposure per image requires significant gain amplification
to achieve a reasonable signal level for digitization. In
addition, other noise sources from the FPD are increased,
resulting in an image with low signal to noise ratio, causing
low contrast resolution and reduced image quality. Fur-
thermore, at low exposure levels, detector lag is seen. This
can be overcome in themanufacturing process by providing
detector backlighting. With current FPD imaging systems,
proper dose adjustment per frame and appropriate frame
rates are essential to ensure that the optimal image quality is
achieved. Alternatively, a hybrid approach has been devel-
oped to overcome some of these problems. This approach is
based on coupling a thick CsI structured scintillator to a
thin photosensitive (a-Se) semiconductor.6 The thin semi-
conductor layer produces photo-induced electron-hole
pairs at the top interface from incident light photons and
these propagate to the bottom surface. Under higher volt-
age, the holes undergo multiplication and create more
holes and electrons. This allows for improved noise perfor-
mance at lower radiation levels, better temporal perfor-
mance, and less lag.
ROTATIONAL ANGIOGRAPHY AND
FLUOROSCOPIC COMPUTED
TOMOGRAPHY (CT)
Rotational angiography is obtained by performing a
motorized movement at constant speed of the C-arm
around the patient during continuous contrast injection
and fluoroscopy. C-arm cone-beam computed tomography
(CT) is an advanced imaging capability that uses C-arm flat
panel fluoroscopy systems to acquire and display three-
dimensional (3D) images. The flat panel detector functions
much like the multiline detectors used in multi-detector
CT (MDCT). It provides high- and low-contrast soft tissue
“CT-like” images in multiple viewing planes (Fig 5). This
provides a significant improvement over conventional
table C-arm, (B) a conventional II-television monitorc porsingle-planar digital subtraction angiography (DSA) and
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many years, its emergence in the clinical arena did not
accelerate until the introduction of FPDs, as this provided
images that were far superior to the data acquired using
conventional image intensifier systems, with much im-
proved spatial resolution and imaging of soft tissue struc-
tures. It is not yet known what the long-term effect of
employing this technology will have on the ability to per-
form routine interventional procedures; it is clear that it
provides more confidence about both vascular and soft
tissue anatomy to those operators currently performing
complex endovascular procedures. In the United States,
three C-arm cone-beam CT systems (FluoroCT) are com-
mercially available: DynaCT (Siemens Medical Solutions,
Forchheim, Germany), XperCT (Phillips Medical Systems,
Eindhoven, TheNetherlands), and InnovaCT (GEHealth-
care, Waukesha, Wisc). Each manufacturer has its own
imaging protocol that is tailored to each system’s different
rotation time, number of projections acquired, image qual-
ity, and time required for reconstruction. The two main
factors that will drive use in the operating room are the time
for set up, image acquisition, and image reconstruction and
the quality of the images produced.7
To obtain 3D images from a conventional rotational
angiographic run, two methods exist. The first consists of
an examination in two phases. The C-arm rotates in a
continuous 200o to 270o arc (varying based on the actual
manufacturer) around the patient’s torso for an acquisition
period of 5 or 8 seconds. The initial acquisition phase has
two actions. The first sweep of the C-arm acts as the mask
for the subsequent data acquisition during the injection of
the contrast. The return sweep of the C-arm in an arc is
performed while contrast is injected during the entire pe-
riod of data acquisition. For aortography, contrast is in-
jected at rates of 10 cc/s for up to 8 seconds, leading to a
total volume delivered of 80 cc. Frequently, a mixture of
50% contrast is used, resulting in a total additional contrast
dose of 40 cc. Once the images are obtained, the data are
transferred to a work station where specific algorithms are
performed to correct for image intensifier and contrast
distortion. Data are reconstructed using a volume-rendered
technique. Other methods can be employed to visualize the
images including surface-shaded display (SSD), maximum
intensity projection (MIP), or multiplanar reformatting
(MPR). Current software allows for 1-minute reconstruc-
tion time for the initial 3D image; real-time reconstruction
of the 3D volume will become feasible in the future. The
user can then “page through” image sections and reformat
Fig 5. Intra-operative DynaCT images obtained following endo-
vascular repair of a branched/fenestrated aortic aneurysm repair.
(A) The images obtained are able to be viewed with and without
contrast, and in multiple planes similar to a conventional CT.
Similarly, (B) 3D reconstructions can be generated based on the
data, and (C) segments of the image can be removed and color
added to highlight specific aspects of the image.
asty w
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tions. Accurate length and diameter measurements can be
made based on these reconstructions, which may aid in
procedure planning and sizing. In addition, the informa-
tion may allow the physician to determine the optimal
projection (angulation and skew) of the fluoroscopic tube
for endovascular intervention. The advantage of this tech-
nique is that it can be performed in the angiography suite
for immediate pre- or postoperative evaluation.
While C-arm cone-beam CT (FluoroCT) provides im-
proved imaging compared with conventional 3D angiogra-
phy, it is not without some drawbacks. There are a number
of imaging artifacts that can occur during the acquisition or
reconstruction of the obtained image. Two potential
sources of geometric distortion may impact the spatial
accuracy of the 3D reconstruction. These include the image
intensifier-television system distortion and the gantry
“wobble” during image acquisition. Gantry wobble is visu-
alized as a vertical displacement between successive 2D
projection images. A calibration procedure is carried out by
the manufacturer, and this is automatically applied to all
images prior to 3D reconstruction, which corrects for this
wobble artifact. Another potential artifact is movement
artifact, which causes blurring of the image. This occurs
predominantly due to patient movement. While this is less
of an issue with imaging of the neurovascular system, it
becomes a larger issue while imaging the thoracic or ab-
dominal arterial system as patients must hold their breath
during image acquisition. Metal artifacts produce star-like
artifacts in the reconstructed image and are due to scatter
caused from metal objects in situ. In addition, truncation
artifacts lead to strip-like artifacts in the lateral projections.
This is due to insufficient power of the X-ray to penetrate
the target, which is thicker at this location. Placing the
Fig 6. Intra-operative fluoroCT performed at the comp
aortic aneurysm. (A) In one case, a type II endoleak is ide
not treated, and on follow-up CT, it had resolved. In an
junction of the left renal branch and the fenestrated g
aortography. The junction underwent a balloon angioplpatient’s arms over the head can help to reduce this artifact.Other problems include difficulty with contrast differenti-
ations, particularly in areas of low radiographic contrast.8
Of some concern is the additional radiation dose provided.
The radiation dose for a 14-second acquisition is similar to
that of a biplane digital subtraction acquisition during a
routine cerebral angiogram.9 Radiation dose, however, is
higher in FPD-based C-arm cone-beam CT (236 mGy)
compared with traditional 3D-DSA with a standard image
intensifier (50 mGy).8 One final drawback of FluoroCT is
the limited data acquisition in the Z axis (approximately 18
cm of imaging depending on the manufacturer).
A number of preliminary experiences have been re-
ported documenting the application of FluoroCT to the
treatment of vascular-based pathologies including aortic
interventions, hepatic arterial interventions, portal vein em-
bolization, transjugular intrahepatic portosystemic shunts,
and peripheral vascular interventions.7 Potential applica-
tions include its use for preprocedure anatomic diagnosis
and treatment planning, device implantation, and postpro-
cedural assessment of successful therapy. Little research has
been presented regarding the application of FluoroCT
during endovascular aneurysm repair. Technical image
quality is inferior to MDCT, especially in terms of low
contrast resolution.10 Eide et al evaluated 20 patients with
infrarenal abdominal aortic aneurysms and compared im-
ages from FluoroCT with MDCT-derived images. Endo-
vascular aneurysm repair relevant arterial diameters and
lengths were assessed, as were nine anatomic areas regard-
ing visibility. There were no significant differences in the
measured arterial diameters and lengths. MDCT, however,
had a significantly higher visibility score. Using a higher
contrast dose during FluoroCT, however, acceptable diag-
nostic quality was found in 78% to 94% of the cases for eight
n of a fenestrated/branched aortic endograft to treat an
arising from a lumbar artery (arrow). This endoleak was
r case (B), a type III endoleak (arrow) arising from the
was identified. This was not visualized on completion
ith resolution of the endoleak.letio
ntified
othe
raftof the nine investigated anatomic areas.
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strate the registration of the preoperative CT (color image) with the intraoperative DynaCT (black and white segment).
Registration typically occurs by aligning, in multiple planes, bony landmarks and areas of calcifications within the aorta.
Once registered, the preoperative CT image can be displayed on the fluoroscopic monitor (C), or a computer-
generated outline of the image can be displayed (D). The fused image will rotate in 3D with movement of the C-arm
and alterations in the gantry angle. Alternatively, specific sites can be highlighted on the preoperative CT, such as the
origins of the visceral branches as depicted here (E), and only those markings displayed on the fluoroscopy screen (F).
As with the entire CT image as described above, the location of these markers will move with repositioning of the
C-arm.
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vascular surgery and aneurysm repair remain limited.11 It
has been demonstrated, however, that its use can be helpful
in the successful sizing and placement of stent for the
treatment of peripheral artery stenoses and peripheral artery
aneurysms pathology.12-14 The addition of this imaging
technique was performed with little increase in the duration
of the procedure and with small volumes of contrast used
and radiation exposure to the patient. At the Cleveland
Clinic, we have begun to use this technology to evaluate the
adequacy of aneurysm repair after fenestrated and branched
aortic endografting. FluoroCT has successfully demon-
strated the presence and location of endoleaks not initially
detected on conventional angiography (Fig 6). Others have
demonstrated that FluoroCT has been capable of identify-
ing the source of an endoleak when the location was not
clear on conventional MDCT.15 Used in this fashion, how-
ever, FluoroCT may prove overly sensitive with a high
false-positive rate. This may be particularly true in the
identification of type II endoleaks. Data acquisition occurs
during continuous injection of intra-arterial contrast, pro-
viding imaging during both the early arterial and later
venous filling phases. MDCT data acquisition occurs at a
shorter time point and is performed well after the patient
has left the operating room. This may allow time for these
branch vessels to occlude, thus resolving the endoleak.
FUSION IMAGING
Angiography alone cannot provide all information nec-
essary for endovascular treatment of aortic disease. Assess-
ment of vessel diameter and the condition of the vessel wall
require complementary CT examination. Despite the de-
velopment of C-arm cone-beam CT, contrast-enhanced
spiral CT is the main tool for preoperative evaluation and
planning before treatment with a stent graft. Our ability to
incorporate these images into the operating room has im-
proved significantly. It is now more common to view these
images on monitors within the interventional suite or op-
erating room rather than view cut films on a light box.
More helpful, however, is the integration of the CT images
directly into the live fluoroscopically-derived images. This
is akin to a familiar technique known as “roadmapping.”
Traditional roadmapping involves the superimposition of
digital subtraction of the contrast-filled vessel lumen on the
live fluoroscopic image. This technique provides good spa-
tial resolution and contrast for real-time images. It also
lowers the risk of inadvertent event when compared with
the direct catheterization of vessels in which manipulation
of wires and catheters distally sometimes causes vasospasm,
dissection, and dislodgement of plaques because of uncer-
tain spatial relationship between the devices and the vessel
walls. An inherent limitation of this process, however, is the
static nature of the projection. Differential projections,
however, are usually mandatory for a better delineation of
tortuous vessels, requiring additional contrast dose and
radiation exposure.
To overcome this, fusion imaging utilizing a preoper-
ative CT angiogram and an intraoperative non-contrastedFluoroCT can be performed. The basic method for this
begins with the preprocedural attainment of a contrast-
enhanced spiral MDCT. For optimal reconstruction, the rec-
ommended slice thickness is 1 mm. Once in the operating
room, patients undergo a preprocedural, non-contrasted
FluoroCT with either a 5 or 8 second acquisition time. If
there are significant calcifications present within the arterial
images being evaluated, or previous placement of a stent
graft, then a shorter acquisition time can be used. This scan
is then registered to the availableMDCTusingmainly bony
structures as landmarks. To assist in increasing accuracy,
areas of calcification from within the aorta or its branches
can aid in alignment. Once registration is complete, the
MDCT image can be superimposed on the live fluoroscopic
image (Fig 7). Alternatively, a graphic outline can be of the
aorta, its branches, or any area of interest can be high-
lighted using computer-generated graphics (Fig 7). The
superimposed image (or graphics) will then update in the
correct projection depending on the arc-angle of the C-
arm. One of the down-sides of this tool is that spatial
displacement can occur with the introduction of stiff wires,
catheters, and the stent graft delivery system (Fig 8). This is
particularly true in patients with tortuous anatomy. In our
experience, this discrepancy is minimal, and once the po-
tential offset is identified, it can be easily compensated for.
There is little information about the usefulness of this
technology in the treatment of aortic aneurysms or com-
plex aortic disease. It has been shown to accurately outline
Fig 8. Image from intra-operative use of fusion of preoperative
CT and with the live fluoroscopic image. There is an overlay of the
aortic aneurysm with a catheter traversing the aorta and entering
the left renal artery (arrow). The catheter was easily advanced to
this location based solely on the fusion of the two images. Note
how the wire in the renal artery does not exactly follow the course
of the projected path (double arrow) due to displacement of the
artery by the wire and catheter.the coronary sinus anatomy and assist in guiding cardiac
nto th
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nique is accurate in displaying CT-derived anatomy on
fluoroscopy and, by doing so, facilitated the location of the
carotid sinus and its branches – a shortcoming in CRT
implantation. In addition, this technology has been shown
to assist in more accurately delivering therapy during atrial
fibrillation ablation.17 We have used this technology to
assist in placing fenestrated and branched aortic endografts
at the Cleveland Clinic. Review of our experience demon-
strates that the use of fusion imaging was able to decrease
contrast dose use by nearly 25%, without a significant
increase in radiation dose delivered or overall operative
time (unpublished data). In addition, we have begun to use
this technology to direct translumbar aortic sac puncture
for endoleak embolization. As experience with this imaging
process grows, its application will clearly become more
widespread.
INTRAVASCULAR ULTRASOUND
Intravascular ultrasound (IVUS) is a critical technology
that is extraordinarily useful during thoracic aortic stent
graft surgery. IVUS technology provides detailed informa-
tion about lesion morphology and precise visualization of
vessel wall anatomy. This provides useful diagnostic infor-
mation as well as aiding in treatment of aortic lesions.
Current IVUS catheters operate in a high-resolution B-
mode. They operate at frequencies that range from 10 to 40
MHz. In the thoracoabdominal aorta, imaging of the larger
diameter vessel walls requires low-frequency catheters (ie,
8-10 MHz). Catheter designs that enable delivery of the
ultrasound elements without monorail delivery wire elimi-
nate wire artifact and enhance 360o degree views of the
arterial anatomy.18 Given this, coaxial phased array systems
that produce images utilizing electronically rotating signals
rather than mechanical rotating systems over eccentric wire
delivery are used to provide improved imaging characteris-
tics. To obtain the best aortic wall visualization, the IVUS
catheter is directed perpendicular to the luminal surface.
Fig 9. Images obtained from IVUS during treatment o
the most proximal aspect of the dissection with evidence
(C) demonstrate the more distal aorta with clear evidenc
the false lumen (FL) and some compression of the true
verifying that the wire is traversing the true lumen, ident
true lumen expansion after successful exclusion of flow iThe practitioner must become familiar with interpretationof the IVUS signals in order to best understand what is
underlying aortic pathology and what is merely artifact.
Arterial calcification and prosthetic graft material can cause
attenuation of the IVUS signal. In addition, catheters and
wires can introduce noise into the system obscuring the
surrounding field of view.
IVUS introduction is applied through an arterial sheath
– the size of which is dependent upon the specific IVUS
catheter used but ranges between 5 and 10 Fr. The catheter
is inserted over a wire, and imaging is typically performed
during withdrawal of the catheter as this provides a higher
quality assessment. IVUS can provide information about
the arterial wall morphology, branch vessel origins, and
lengths can be assessed using a pull-back method. In addi-
tion, IVUS can be used to measure luminal dimensions,
which may assist in planning for stent graft selection. It can
assist in better assessing landing zones for the presence of
thrombus. And in patients in whom contrast doses need to
be limited, IVUS, in combination with fluoroscopy, can be
used to mark sites of specific landing zones and aid in
prevention of the unintentional coverage of a vessel such as
the celiac or renal arteries.
IVUS is particularly useful in the treatment of aortic
dissections. While CT scans can give some assessment as to
the patency or compression of the true lumen at a specific
moment in time, IVUS evaluation allows real-time assess-
ment of true lumen expansion (or collapse) and the physi-
ologic effects on this. When treating aortic dissections it is
often difficult to traverse the true lumen only, and IVUS is
nearly essential at providing the necessary information to
verify catheter and wire location, as well as providing diag-
nostic information about the location of fenestrations along
the length of the intimal flap (Fig 9). IVUS is helpful at
assessing adequacy of true lumen treatment of dissections.
When flow is redirected to the true lumen, expansion of the
lumen occurs, and this can immediately be visualized by
IVUS. This is complemented by the use of contrast angiog-
raphy and intra-arterial pressure measurements. IVUS has
tient with an acute aortic dissection. (A) Demonstrates
intramural hematoma and an entry tear (arrow). (B) and
the dissection flap (arrow) and evidence of expansion of
(TL). IVUS can aid in the treatment of this disease by
sites of entry tears or fenestrations, and demonstrating
e false lumen.f a pa
of an
e of
lumen
ifyingproven itself a very useful tool in the successful endovascu-
Fra
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aortic aneurysms, dissections, coarctations, penetrating ul-
cers, and traumatic aortic transections.19
As with conventional angiography, IVUS technology
continues to evolve. While standard IVUS offers a some-
what restricted tissue penetration and no Doppler or color
Doppler capabilities, recent advancements have overcome
this. A phase-array IVUS probe with Doppler, pulsed wave
Doppler, and color-Doppler capabilities (AcuNav; Sie-
mens, Mountain View, Calif) has been developed, mainly
for intra-cardiac use.20,21 This system provides both ana-
tomic and physiologic data with good penetration. The
probe may be beneficial for evaluating larger diameter
arteries such as the aorta. The probe has a diameter of 8 to
10 Fr, and scanning is possible percutaneously through an
introducer sheath. The 64-element transducer (5-10
MHz) has a tissue penetration ability of up to 15 cm, and it
is mounted on the tip of a steerable catheter 90 cm long. A
60 cm-long introducer sheath is used to make it possible to
maneuver the probe inside the introducer sheath at all times
and to avoid vascular trauma. The phase-array elements of
the probe have a characteristic fluoroscopic appearance that
allows determination of the exact position of the probe.
Initial analysis of the use of this catheter during endovas-
cular aneurysm repair demonstrated that intra-arterial use
of the catheter provided aortic dimensions equivalent to
those determined by preoperative CT.22 Color Doppler
was able to facilitate the identification of vessel origins (Fig
10). Endoleak identification, however, was not possible
Fig 10. The AcuNav probe positioned with the elemen
as seen on (A) fluoroscopy (arrow) and (B) digital subtr
with AcuNav. The probe is placed close to the aortic wa
with the probe at the opposite wall. Reproduced from
ultrasound with vector phased-array probe (AcuNav) is fe
Radiolgica 2009; 50: 870-5. Authorized by the Taylor &with this technology and is likely due to the direction offlow relative to the IVUS probe (due to an unfavorable
Doppler angle) and due to movement artifacts in the aneu-
rysm sac. Future use of this tool in treating complex aortic
pathologies without the use of contrast agents warrants
investigation.
CONCLUSIONS
As technology advances and our ability to treat com-
plex vascular disease in an endovascular fashion expands, we
will rely more and more on concurrent improvements in
our ability to image the vasculature, its pathology, and the
tools we use to treat them. Many new advances are improv-
ing the ability to image the aorta and other arterial
branches, allowing us to provide endovascular care with
lower radiation dose, lower contrast doses, and hopefully
overall fewer complications. It is clear the further advance-
ments in this area will continue to significantly improve our
ability to image the disease we are treating, make better
intra-operative decisions, and improve patient care.
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